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Some experimental tests are proposed for excitation
of the coloured hadronic degrees of freedom and for the
internal and spatial symmetries in the deep-inelastic
uN-processes, generating the multimuon states.

The importance is stressed of separation of the
observed cross-section into the longitudinal and transver-
sal part for checking the coloured gluon production and
the dynamical implication of new mass-scale related to
"heavy" partons inside nucleons. .
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Introduotion

The discovery of the weak neutral currents, heavy hadrone
with new quantum numbers and, possibly, new charged leptons, as
well as the necessity of the experimental discrimination between
the basic alternatives underlying the unified gauge theories of
the weak, atrong and electromagnetic interactions, cannct but
focus attention on the pertinent aspects of the deep-inelastic
lepton-hadron processes.

In thig note we discuss mainly the multimuon production
processes

;4+~»;~+,F+x (1)
poN > peptep v X (2)
with the emphasim on those festures of the reactions (1) and (2)

which could help to choose between two basically different cases:
the permanently confined versus unconfired "colour" (1.e.,whether

or not the coloured objecte - quarks, diocuarks, massive gluons,
etc.,may appear ag free physical particles).

The first experimental resulis on the reactions (1) and (2)
have recently been presented and discussed’2 ™/ with conclu-
sion that the data are suggestive on the charmed particle pro-

duction; but for them to be conclusive, much improved statistics
is needed.




Fith reapect to reactions (1) and (2) we shall assume here-
after that the background muons from the known electrodynamic
processes including poseible contribution from suggested "heavy"
leptons (this machanism deserves great attention on its own right)
can be evaluated and subtracted, and the “prompt" muons not coming
from M - and K-meson decays can be selected and analyzed.

Excitation of New Hadronic Degrees of Preedom and Value of R
(Longitudinal to Trensversal Cross-Section Ratio).

In the models with the "explicit" colour the integer-charged,
masgive, unstable quarks, gluons, diquarks, etc.,may be produced
in lepton-hadron interactions. The spontaneous breaking of gauge
symmetry induces mixing between the colour ("strong") and flavour
("wea") gauge bosons 6 . This, in turn, results in the leptonic
and gsemi-leptonic decays of gluons which are , therefore, one
of the sources for the direct leptons in all reactions where
coloured particles are produced., Thus, the observation of "prompt"
muons in reactions (1) and (2) will indicate the excitation of
new hadronic degrees of freedom comprising either heavy "charmed"
hadrons or coloured particles, or both, To clear up the question
of the gluon production in the multimuon reactions (1) and (2),
we propose to measure separately the longitudinal and transversal
parts of the dimuon production cross section

do(pib) = pRO) +ARY) 0o ds;  ds,
=Ll )
d%, dE; dk, 2 dk, 4&1)-

where the indices "I" and"2" refer to the "leading" and "produced”
(say, with opposite sign of charge) muon

r= 2. ___.2’\"' Lz. EI’. L.
T 2Mq2 E, 1-e 4)

2 . -7
c=[1+v2(1r"48tan* %] )
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and averaging over the azimuthal angle of the produced muon is
understood.

The production of gluons gives the dominant contribution
to the logitudinal part of cross section

Hue - ,
R = dbl—/dﬁr —_- =, )
t“ > 0C
In Eq. (6) the integration over the phase space of the produced
muon may be accomplished to improve the statistics.
Note that the misidentified background muons coming from
I/K decays originate from the muon deep inelastic process where
6 /6, has a small value.
If the prompt muons originate mainly from lepton~heavy quark
(Q=c,b(?)...} interaction, then

=ds fd4s, — 0. )
(‘,‘-P\D
¥e would remark, however, that the scattering on the free Dirac
particle with nass MQ gives

a S, . 4m
. = — = &
R free — (8)

2 St 4
and st a'1.~ Mg the substantial value of &9 would be natural

in the case of the heavy quark excitation. But, eventually, k>0
in the limit q(z—» o0 , For the purpose of orientation and with
the limited statistics one can proceed in the "simplified menner©,
and assuming approximate scaling behaviour for corresponding
structure functions, to study the y-distribution (especially, the
"high-y tail" . % .—_\)/ E, ) of the inclusive cross section

d} —--(!—"f ‘f/l(frk)) {9

which is sensitive to the R-value., In Eq. (9) the partial integ-
ration over dx-opped kinematical variables can be made. For typi-
cal values X=0,1, B, =2:0 GeV, Wu"'(new particles) = 4-6 GaV
we get from Eq. (9) (% > =0,012 and 0.007 for R=0 and R-» %o,
respectively.

To conclude, the observation of large (of an order of unity




or larger) and nonvanishing with qz—’ @0 values of R in the

multimuon precesses, like Eqs. (1)-(2),wou1d rosult in the fer-

reaching consequencee. In particular, the currently popular

explanation of the " ;" -anomal:l.es“lT/ vie the new, right-handed

wesk currents and new heavy b~quark excitation ( MG::S-G GeV)/ 8/
could be reviaed.

Teat of the SU(4) Symmetry at Small Distances

The introduction of the charmed c-quark (Q. =2/3, m = 1.5-
-2 GeV) is justified by many reasons and leads to the extension
of the SU(3) to the SU(4) as a new internal symmetry group. As far
as M.»Mm w,d,s * the SU(4) is badly broken., Is it restored at emall
dietancee of ‘the scale L<< m, -t 2

Onez can mention in this reapect that if the weak and e.m,
currents do not excite the coloured degrees of freedom, and the
SU(4) im valid , the following relation

an) (" «(z) (x a', ( az) 9)1' 'lz)(’( W)) (10)
holds, which can be tested with isoscalar nuclear targets (like

D, %Be, 12 atc.). The relation (10) is known to fullfil below

the charmed hadron threshold. We expect it will be broken above

the threshold at moderately high q2, but it could be restored

in the limit q,"-’w « Verification of this tendency is very impor-
tant for the interpretation of the charge-symmetry and scaling
violaetions in the deep-inelastic neutrinc reactions and the J/\V -
and D-meson production (hence, the "prompt" leptons) in hadron
collisiona,

Cherge Asymmetry Effecte

The mode)l have recently been suggested in which the “physi-
cal unstable guarks decay with breaking both of lepton and baryon
quantum numbers, the decay products being conteining charged
leptons, but not anti-leptons (or vice versa)

Then, due to the contribution of the electrodisintegration
process

N+ M+ 31, —» M +leptons + mesons (11)



one can expect for the charge asymmeiry in the total multimuon
production ereas sections

ds(}u—N —9PL+H.'+X)/«i6‘(|uL+N4rL*H**X) =1 (12)
which can be confronted with data.

P-0dd_Effects

It is known that the parity-violution effects cer be observed
in the inclusive reaction B N M X through the difference
of interactions of the incoming lepton with positive and negative
helicities on unpolarized target. Recording an additional particle
(muon) in the reaction (1) enables to look for the P-odd etfectas
without the helicity reversing of incaming muon., The general
structure of the azimuthal dependence (¢ being the angle between
the normals to the planes fo'nned by 3-vectors k,+p-— k',+Ul,_+P‘)
and y+p >R «P g = k,~k, srespectively ) of the dimuon
cross section can be written as follows H

ds
dwp

Observation of cA0 and/or ef0 is due to tue parity non-
conservation and admits, at least in principle, experimental
verification,

Nore generally, without assuming the lowest order approxi-
mation in weak and e,m, coupling constants from which Eq.(13)
followa, one can look for the asymmetry A =(N+-N.)/(t, + N.)
where Ny is the number of the dimuon evenis with the positive
(negative) value of the parity violating correlation function

P=( l_l_q'[.i’t xR,]) of the lepton momenta (its manifestly T-
noninvariant form may not imply A=0 due to the strong interacti-
on effects in the reaction (1)).

= W+ %Lo’;q) + C.y'nsp rdwsZu;- + E;M-uZ.q’ (13)

The authcr wishes to thank A.M.Baldin, S.M.Bilenky, A.B.Go-
vorkov, V.A.Meshcheryakov, I.A.Savin and D.V,Shirkov for their
intereast in this work and useful discuasions,
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